Mortality and nursing home placement of dementia patients in rural and urban areas: a cohort study from the Swedish Dementia Registry Background: Life in rural and urban areas differs in regard to social support and health care. Our aim was to examine the association between nursing home placement and survival of patients with dementia living in urban vs. rural areas. Methods: We performed a longitudinal cohort study of patients with dementia at time of diagnosis (n = 58 154) and at first follow-up (n = 21 522) including patients registered from 2007 through 2014 in the Swedish Dementia Registry (SveDem). Descriptive statistics are shown. Odds ratios with 95% CI are presented for nursing home placement and hazard ratios for survival analysis. Results: In age-and sex-adjusted analyses, patients living in urban areas were more likely to be in nursing homes at the time of dementia diagnosis than patients in rural areas (1.49, 95% CI: 1.29-1.73). However, there were no differences in rural vs urban areas in either survival after dementia diagnosis (urban: 0.99, 0.95-1.04, intermediate: 1.00, 0.96-1.04), or nursing home placement at first follow-up (urban: 1.00, 0.88-1.13; intermediate: 0.95, 0.85-1.06). Conclusion: Persons with dementia living in rural areas are less likely to live in a nursing home than their urban counterparts at the time of dementia diagnosis, but these differences disappear by the time of first follow-up. Differences in access to nursing homes between urban and rural settings could explain these findings. Results should be considered in the future healthcare decisions to ensure equality of health care across rural and urban areas.
Introduction
Living in rural areas differs from living in urban areas in geographical conditions, population age structures, education, income, access to public transport, but also in professional health care, and access to specialist treatment (1-3). Accessibility to health services and long-term care facilities is important to insure optimal treatment and a higher quality of life in patients (4) , especially for persons with high-impact diseases such as dementia (5) . Dementia, especially Alzheimer's disease (AD), is a main contributor to both nursing home placement and mortality although a number of factors can modify these outcomes (6) (7) (8) (9) (10) . Issues of access and equality of care are important in dementia (11, 12) , but social and economic factors (13) , geographic region and living area could also contribute to these differences (14) . There is a lack of research concerning differences in care and outcomes for patients with dementia living in rural compared to urban settings. The aim of this study was to describe and compare characteristics of patients suffering from dementia living in rural, intermediate, and urban areas of Sweden and to examine the associations between living areas and nursing home placement and death.
Methods
We performed a longitudinal cohort study of patients diagnosed with dementia at the time of dementia diagnosis (Sample 1) and at first follow-up (Sample 2). Patients with dementia were identified from SveDem, the Swedish nationwide register of dementia disorders, www. svedem.se (15) . SveDem was established in 2007 with the aim to register patients with dementia at the time of the dementia diagnosis and monitor their care, as previously described in detail (9, 15) . Briefly, patients are registered in a specialist or primary care unit. The registered variables include information on patients' demographics, living situation, dementia type and cognitive evaluation using Mini-Mental State Examination (MMSE) (16) . SveDem collects information on follow-ups, which are performed 5-15 months after the initial registration.
This information was completed with medication use data obtained from the Swedish Prescribed Drug Register (PDR) with close to 100% coverage (17) , and data on comorbidities which were obtained from the National Inpatient Registry (NIR), covering all specialist clinic and hospital diagnoses (18) . The Population Registry was used to ascertain mortality and date of death.
Variable definitions
The urban, intermediate and rural typology for the Swedish geographical regions were defined for all 290 Swedish municipalities (kommuner) according to the Classification of Swedish municipalities 2017 produced by the Swedish Association of Local Authorities and Regions (19) . The classification contains three main groups (A: large cities and municipalities near large cities; B: medium-sized towns and municipalities near medium-sized towns; C: smaller towns/urban areas and rural municipalities) in which the municipalities are further divided into a total of nine groups based on structural parameters such as population and commuting patterns.
From SveDem, we used information on dementia diagnosis, dementia type, living situation at the time of dementia diagnosis (nursing home placement, living at home alone) and cognitive evaluation using MMSE. Descriptives at the time of follow-up include age, MMSE, living alone and nursing home placement.
The number of medication was defined as the number of medication the patient is regularly treated with according to the PDR registry and was used as a proxy for comorbidity. The Charlson Comorbidity Index (CCI) (20) was calculated using ICD-10 coded diagnoses from the NIR.
The total dependency ratio was defined as the proportion of people aged 20-64 working in a specific region compared to older and younger people and was calculated using the average of the years 2007 until 2014 (21) .
Study sample
All 58 154 patients with dementia of the SveDem database were included in the first sample. 21 522 (37%) were followed up at least once (usually after approximately 1 year). Of these, information on nursing home placement was available for 21 516 patients, so that these patients form the second sample.
Statistical analysis
For categorical variables, data were presented as number of cases and percentages. Continuous variables were summarised as means and standard deviations or as medians and interquartile ranges, as appropriate. For calculating p-values for differences, Kruskal-Wallis tests were used for continuous, and chi-square tests for categorical variables.
We applied binary logistic regression to estimate odds ratios (ORs) with 95% confidence intervals (CIs) for associations of nursing home placement and rural vs. intermediate vs. urban residency at the time of dementia diagnosis (A1) and at the time of first follow-up (A2). Hazard ratios (HRs) and 95% CIs were calculated using Cox hazards regression examining mortality associated with baseline factors. Several models were tested. Models were adjusted for age, sex and living typology (rural vs. urban vs. intermediate). The fully adjusted model was controlled for age, the interaction between sex and living alone, MMSE, AD, number of medication and living typology (rural vs. intermediate vs. urban). SPSS version 22 (IBM, New York, NY, USA) and Stata version 12 (Stata Corp, College Station, TX, USA) were used for analyses. 7) . Characteristics of the study participants at both time points are shown in Table 1 .
Results

Characteristics of study population
Results from logistic regression
In the adjusted analyses, patients living in urban areas were more likely to be in nursing homes at the time of dementia diagnosis than patients in rural areas (1.49, 95% CI: 1.29-1.73). However, there were no differences in nursing home placement at follow-up (urban: 1.00, 95% CI: 0.88-1.13; intermediate: 0.95, 95% CI: 0.85-1.06). Similar results were obtained in adjusted models when adjusted for age, sex, Charlson Comorbidity Index, MMSE, living situation, total dependency ratio and Alzheimer's disease, shown in Table 2 . 
Survival analysis
Results of the survival analysis are presented in Table 2 .
In age-and sex-adjusted analyses, living typology was significantly associated with death (urban: 
Discussion
The present study demonstrates differences between people living in rural, urban and intermediate areas in Sweden, indicating that patients living in urban areas were more likely to be placed in nursing homes at time of dementia diagnosis than patients in rural and intermediate areas, although the majority in both rural and urban areas live in their own home at the time of dementia diagnosis. Furthermore, the difference in nursing home placement, although significant, was small. This supports previous research showing that older persons living in rural areas are less likely to be hospitalised or placed in special care units and receive less formal support compared to their urban counterparts (22) . Moreover, this difference may also be the result of different types of work and amount of time given by informal caregivers in rural areas in Sweden, as amount of informal caregiving correlates with nursing home placement and use of other formal resources (3). Yet, even though there were differences in nursing home placement at the time of dementia diagnosis, analyses did not reveal differences in living typology for nursing home placements at follow-up after approximately 1 year. One possible explanation could be that nursing home placement is delayed in rural areas at time of dementia diagnosis, because older people in rural areas are more than three times as likely to receive care from their families as those in urban areas in Sweden (3). However, as the disease worsens, neither the informal caregivers in rural nor the informal caregivers in urban areas can cope, and nursing homes become the only viable option. This would explain the fact that there is no difference in living typology for nursing home placement at the follow-up measurement.
Although dementia is a prime contributor to nursing home placement and subsequent mortality (7), our analysis did not reveal a significant association between rural or urban living typology and mortality in patients with dementia in Sweden. It should be noted that there were differences in the characteristics of the dementia population in rural vs. urban living areas. Further research should focus on a deeper understanding of the possible relationship between the evolution of dementia and living in different geographical areas.
The present study had several limitations. Although increasing, the coverage of SveDem is not complete (estimated at 36% in 2012) (15) . If indeed patients from rural areas have worse access to health care that could also lead to lower inclusion rates in SveDem and consequently to sampling bias (1) . There are many definitions of urban and rural typology: the present one was chosen because it is an official Swedish definition that is thought to accurately represent the social structure, commute and access to care in the country (19) , but other definitions have been employed in Europe. Another limitation is the absence of information on functioning, which makes it difficult to ascertain the cause of nursing home placement. However, in the models, the disease stage at the time of the diagnosis as assessed by MMSE, the comorbidity load assessed with Charlson Comorbidity Index and numbers of medications were adjusted for in an attempt to control for disease severity and comorbidity load. A number of factors affect the decision to move to a nursing home and the preferences of patients and relatives are important. Thus, different patients might move to nursing homes in different stages of the disease process. However, irrespective of its causes, information on nursing home placement according to living typology is necessary for health care planning.
Strengths of this study are the large sample of individuals from throughout the country that reflects epidemiological reality. To the authors' knowledge, this is the first study which examines differences in urban, rural and intermediate living conditions regarding nursing home placement and death of patients suffering from dementia in Sweden. The variable used for living typology was defined according to the newest definition of urban and rural living typology, which ensures that the classification is relevant for the Swedish setting.
The identification of possible risk factors of nursing home placement and death in rural, urban and intermediate areas is of considerable interest. Awareness of these factors allows identification and monitoring of dementia patients with a higher risk of nursing home placement. The results of the present study should be taken into consideration in future healthcare decisions to ensure equality of health care across rural and urban areas.
